Abstract. The tolerance of 46 wood-decomposing Hymenomycetes to 23 phenolic and rehted aromatic compounds was inveSit:igMed by <~Jd<ding the compoudns to Hagem agar after autoclaving and cooling it to 70-80°C, and measuring the radial growth on these substrates after 8-1'0 days (Table 1 ). Considerable differences in tolerance were found between the species. The mos1 t wlerant were brown-rot fungi, whiJte-rot fungi being on the average more sensi:tive. When nMura!l substrates of these fungi were treated with FeCI!~ solution to reve<~Jl the presence of . phenols, a posi·tive reaction was genera!lly obtained wivh the brown-rot, but not with the white-rot fungi. The results sugges•t that phenolic compounds may be important in the ecology of wood-decomposing fungi, e.g. in connection with the drying of wood.
Introduction
Considerable attention has been paid in recent years to the roles played by phenolic compounds in the degradation of lignin, hostparasite interactions and as constituents of higher plants (PRIDHAM 1960 ,HARBORNE 1964 , K URSANOV & ZAPIWMETOV 1968 . In trees, phenolic compound's may have several different origins: i) they may occur as normal constituents of living wood and bark, either free or as glycosides; ii) they may be produced by the tree as a reaction to invading pathogens (SHAIN 1967) ; iii) they may accumulate as lignin degradation products owing to the activity of fungi; or iv) they may be synthetized by fungi or other wood-inhabiting micro-organisms (PowER et a!. 1965 , ARMAND & THIVEND 1965 .
Wood decay in living and dead wood is generally caused a number of basi-diomycetes, many of which are effective lignin decomposers. Many earlier investigations (e.g. RENNERFELT & NACHT 1955 , GADD 1957 have indicated that phenolic compounds exert a toxic influence on the growth of these fungi . This paper attempts, by studying the tolerance of some common wood-decomposing basidiomycetes to phenolic compounds known to occur in nature, to obtain preliminary information on the possible effects of these compounds in fungal ecology.
Methods
Fungus strains preserved in the Forest Biology Laboratory, Finnish Forest Research Institute, were used. The strains were kept on Hagem agar ( 5 g glucose, 5 g malt extract, 0,5 g KH 2 P0 4 , 0.5 g NH 4 CJ, 0.5 g Mg 46 S0 4 , 0.5 ml FeCl 3 1 % solution, 15 g agar, 1000 ml dist. H 2 0) at +5°C with approximately two transfers a year. Most of the strains were isolated in the years 1966-68.
The following compounds were used: anisic acid Fluka puriss., benzaldehyde reag. qual., benzoic acid BDH anal. reag., caffeic acid Fluka pur., cinnamic acid Merck, pcresol Fluka puriss., 2,5~dihydroxybenzoic acid Fluka puriss., ferulic acid Fluka purum, gallic acid, 4-hydroxybenzoic acid Fluka puriss., 4-hydroxybenzaldehyde Koch-Light, pure, guaiacol Rhone Poulenc, 3-methoxybenzoic acid Fluka purum, phenol BDH anal. reag., protocatechuic acid Sigma, pyrocatechol Merck pro anal., pyrogallol Merck pro anal., resorcinol BDH anal. reag., salicylic acid BDH anal. reag., syringic acid Fluka purum, tannic acid Baker analyzed reag., 3,4, 5-trirnethoxybenzoic acid Fluka pururn, vanillic acid Fluka pururn, thymol tech., vanillin BDH anal. reag., veratric acid Fluka puriss. The tolerance was studied on Hagern agar, to which weighed amounts of phenolics were added after it had been autoclaved and cooled to 80--70°C, and which was poured into 10 ern petri dishes. Although the phenols were not sterilized, infection by molds and bacteria proved to be negligible. Radial growth on the agar was measured after 6--10 days. The results are given in Table 1 .
Results
If we suppose that a natural wood substrate contains certain phenolic compounds, we can see from Table 1 that the activity and rapidity of growth of the wood-decomposing basidiomycetes investigated will differ in many respects from that observed on standard media. The species listed below ar those shown by their radial growth to be the most active at high concentrations of the respective compounds. 
Discussion
The tox1c1ty of phenols is in many cases highly dependent on environmental conditions, especially on pH (CocHRANE 1958 , CRUICKSHANK & PERRIN 1964 . As seen from Table 1 , the acidity of the medium was in several cases considerably increased when the phenolic compounds were added. The acidity of wood attacked by wood-rotting fungi varies within fairly wide limits, pH values from 2.8 to 4.0 being common, and for this reason strongly buttered media were not used. In addition, the reaction of the fungus to phenolic compounds can be modified by altering the composition of the medium in regard to its nitrogenous compounds, especially amino acids (FwoD & KIRKHAM 1960) . Also the age of the isolated culture seems to some extent to influence the results, especially in pathogenic species.
Among the species investigated, it is possible to distinguish a group of species which ha,·e in general a high tolerance to the compounds studied, viz.: Fornotopsis pinicola, Lentin us lepideus, Daedalea quercina, Laetiporus sulphurcus, Stereurn sanguinolenturn, Gloeophyllurn sepiariurn, and Phellinus pini. Of these fungi, Lmtinus is known to be fairly resistant to phenolic compounds used in wood protection, and Phellinus pini grows i'1 nature in pine heartwood, the fungitoxicity of which depends largely on its content of pinosylvin. Except for Stereurn and Phellinus, the species mentioned are pronounced brown-rot fungi (CARTWRIGHT & FINDLAY 1958 , K"ii.RIK 1965 .
According to CsERJESI ( 1969) , brown-rot fungi are more tolerant to dihydroquercetin, which occurs in bark of Pseudotsuga and Larix, than white-rot fungi.
In connection with the present investiga- Thus there seems to exist a certain correlation between the tolerance of brown-rot fungi to phenolic compounds and the occurrence o.f ferric-chloride positive substances in wood decomposed by the fungi in question. It is interesting to note that certain species which are in most cases highly tolerant to most of the compounds investigated are in some cases rather sensitive. For instance, cinnamic acid inhibited the growth of Lentinu.s lepideus more than that of other brown-rot fungi. Caffeic acid, which is known from pine bark (OKSANEN 1961) , and pyrocatechol proved to be slightly more toxic to Fornito psis annosa than to other rapidly growing species, and this was also the case with salicylic acid and Pleurotus ostreatus and Kuehneromyces rnutabilis. Among species which often grow together in birch trunks, Fornitopsis pinicola is in general most tolerant to most compounds, but at high concentrations of py.rogallol Fornes forn entarius, Gloeoporus dichrous, Lentinellus ornphalodes, and Kuehnerornyces rnutabilis seem to be more active than F. pinicola. According to SIEGLE (1967 ) , pyrogallol occurs as a glycoside in the heartwood of Betula papyrifera. In the present material , remarkably many of the species most active in pyrogallol medium occur in nature in birch wood.
Our information concerning the occurrence and absence of the investigated compounds in natural wood and in wood decomposed by micro-organisms is not comprehensive enough to allow comparisons between the tolerances of decomposing species and the substrate in all cases. Oak wood is, however, known to contain considerable amounts of tannic acid (KARRER 1958) and the species of the present material most tolerant to this compound, Laetiporus sulphureus and Daedalea quercina, occur commonly in oak wood.
Ferulic acid occurs, according to ERDTMAN (1958) in healing wounds of Pinus, and among the species having the highest tolerance to it were Stereum sanguinolentum and Phellinus pini, which occur as wound parasites of Pinus, and Hirschioporus abietinus, which is one of the first colonizers of fallen spruce. On the other hand, RoBBINs & HER-VEY ( 1965) have found that this acid stimulates the growth of certain wood-destroying fungus species, which are not included in this investigation.
Lignin from the wood of deciduous trees is known to yield more syringyl groups than lignin from · Conifer wood. In the present experiments, syringic acid and syringa1dehyde were not significantly more favorable to the growth of species occurring in nature in deciduous wood than to that of species found in conifer wood.
In general, species which are more or less primary wood decomposers in nature, were by and large the most resistant to the phenols, and species occurring in wood at a more advanced stage of decay were more sensitive, e.g. Xeromphalina campanella, but there were many exceptions.
Among fungi growing in aspen wood I nonotus rh cades was especially resistant to phenols, e.g. to p-cresol, to which it was more tolerant than Lentinus lepideus.
When wood dries, its moisture content decreases from 150% to ca. 30 %, and the concentration of the solutions in the wood should consequently increase at least 5-fold, near the surface possibly even more owing to the transpiration stream. It is interesting to note that some of the most resistant species often grow in wood exposed to drying, as Gloeophyllum sepiarium, Coriolus vaporarius, and Lentinus lepideus.
On the basis of tolerance alone, it is not possible to assess exactly the role of the compounds investigated in the ecology of wooddecomposing fungi, as in the changing conditions in natural wood account must be taken of the ability to utilize and detoxify these compounds (LvR 1962 ) as well as of the possible adaptation of mycelia to these compounds. In certain cases, the metabolic products may be more toxic than the original compound (GsERJESI 1969) . In addition, many mold species are known to utilize these compounds in nature (HENDERSON 1965, Jo-NES and FARMER 1967) .
